Dryingerewetting phenomena influence key processes for soil C cycling, such as organic matter (SOM) decomposition and leaching, or pedogenic carbonate formation. Soil moisture is in turn modulated by horizon position, creating different pedoclimatic conditions through depth. However, the way these conditions affect C dynamics is still unclear. We conducted an annual field mesocosm experiment in which homogenous agricultural horizons enriched with 14 C-labeled wheat straw were incubated in columns in conjunction with mineral subsoil, at two depths (surface or subsurface) and under two contrasting rewetting frequencies. We performed destructive samplings along the annual period to i) assess the evolution of the organic C within the agricultural horizon, and ii) its vertical reallocation into the mineral subsoil, which was assumed to occur by means of dissolved organic C (DOC) leaching. Our results showed that a lower number of soil rewetting events prompted an initial reduction in total (bulk SOM) and labeled (fresh straw) organic C decay rates, although this effect did not extend over time. Subsurface level induced higher fresh straw-14 C decomposition after one year, due to lower soil moisture limitations. Contrary to expectations, the reduction of rewetting events increased the reallocation of organic C downwards in the profile, but it prompted the contrary effect regarding upward reallocation. Further, subsurface pedoclimatic conditions selectively hampered downward reallocation of straw-14 C.
Introduction
The stabilization of soil organic C (SOC) is a prerequisite for sustainable land use, agronomic production and the amelioration of the altered biogeochemical cycles (Powlson et al., 2011; McLauchlan, 2006) . One of the main factors controlling soil C cycling is water regime, especially in those ecosystems periodically limited by low soil moisture (Talmon et al., 2011) . Due to global warming, an amplification of the climatic extremes is predicted, that is, larger drought periods followed by heavier rainfall events (Allan and Soden, 2008) , and a reduction of soil moisture in many semi-arid regions (Wetherald and Manabe, 2002) . Under these conditions, the drying and rewetting (DeRW) of soils determine fundamental processes for C cycling in terrestrial ecosystems, such as microbial mineralization (Borken and Matzner, 2009; Casals et al., 2011) or the mobilization of organic C through the soil profile (Kalbitz et al., 2000) . But despite its relevance, soil moisture still represents a topic of uncertainty when developing prediction tools regarding SOC stabilization (Falloon et al., 2011) .
The changeable moisture conditions in soils also determine the dynamics of inorganic C in arid and semi-arid conditions, i.e. the precipitation e dissolution of carbonates (Emmerich, 2003; Gocke et al., in press ). Pedogenic carbonates are formed during drying phases following the precipitation of bicarbonate ions (HCO 3 À ) in non-acidic soils containing Ca 2þ or Mg 2þ cations in solution. When HCO 3 À comes from the dissolution of the CO 2 respired by soil roots or microbiota (and cations are not supplied by carbonate dissolution), the formation of pedogenic carbonates results in an additional form of C stabilization in soils (Emmerich, 2003) . Recent studies have deepened into the role of soil respiration in the formation of pedogenic carbonates (Rovira and Vallejo, 2008; Gocke et al., 2011, in press) , establishing the link between the organic and inorganic C cycles in soils. As carbonate precipitation requires drying conditions (which also affect soil respiration), increasing drought periods may end up modifying soil inorganic C dynamics. However, the much lower turnover of soil carbonates makes this difficult to ascertain. At field scale, soil moisture regime is controlled by the position within the profile. Topsoil is the first to be rewetted during rainfalls but is also more exposed to surface evaporation and subsequently higher desiccation thereafter; in contrast, subsurface horizons may receive less water but can keep soil moisture for longer, especially in warm regions where strong surface desiccation eventually disconnects soil water column continuum (Capehart and Carlson, 1997) . Hence, it is reasonable to assume that the different moisture regimes with depth influence soil organic and inorganic C dynamics, although the manner in which they interact with these multiple and usually interconnected processes is still under debate . For instance, some studies have reported that organic matter (OM) mineralization declines linearly with increasing soil depth (Gill and Burke, 2002) , which is indeed assumed by SOC modelers (Jenkinson and Coleman, 2008) ; however, other findings indicate that deeper soil horizons do enhance OM decomposition, presumably because of the more favorable moisture conditions for microbes Vallejo, 1997, 2000; Garcia-Pausas et al., 2012) . Soil moisture is also related to the different inorganic C dynamics observed with depth (Gocke et al., in press ). In general, assessing depth as a pedoclimatic factor controlling the fate of in situ soil C encounters the problem of excluding other factors from the assessment, such as microbial community (Fierer et al., 2003) , labile C and nutrient availability (Fontaine et al., 2007; Garcia-Pausas et al., 2008) or SOM spatial dispersion (Rumpel and Kögel-Knabner, 2011) , which also vary with depth. The field incubation of organic substrates ('litterbags') at different depths constitutes a good approach to overcoming this problem Vallejo, 1997, 2000; Sanaullah et al., 2011; Jacobs et al., 2011) ; but for studying bulk SOM evolution with depth by means of this technique, one must be capable of tracking and distinguishing the added (buried) SOC from that of the soil profile itself, which may be difficult to perform if the isotopic difference is not wide enough. Additionally, as the fate of OM in soils ultimately depends on their degree of stabilization (Flessa et al., 2000; Kögel-Knabner et al., 2008) , soil depth could affect the evolution of fresh litter (recently incorporated) and bulk SOM (more stabilized) differently in ecosystems subjected to periodical rewettings.
Aiming to address these uncertainties, agricultural soil subsamples enriched with 14 C-labeled straw were field-incubated in columns in conjunction with mineral subsoil, thus simulating homogenous soil horizons located at two depths (surface or subsurface; one per column). The soil columns were subjected to 2 contrasting DeRW frequencies over the course of 1 year: one considered as control ("irrigation") and the other one receiving 1/3 of the irrigation events ("drought"). This experimental approach isolated the influence of depth as an abiotic (pedoclimatic) variable. We studied the evolution of the total and labeled C pools, tracking also the organic C reallocation through the profile, in order to: (1) compare the influence of the rewetting frequencies on the mineralization of fresh e plant litter e and bulk soil OM fractions; (2) to evaluate soil depth as an environmental factor controlling the decay and reallocation of organic compounds throughout the profile; and (3) to give more insight about soil carbonate dynamics and their relation with the organic C cycle. We hypothesized that in soils under changing moisture conditions, both the OM mineralization and its vertical reallocation along the profile could differ between surface and subsurface conditions. We expected OM decay to be favored e and its vertical reallocation to be diminished e at subsurface level, owing to slower soil drying and remoistening dynamics respectively. Moreover, we expected the extended drought periods to affect negatively both the vertical reallocation of OM (due to the lower number of water flushes) and the rate of new carbonate formation from biotic origin, as less CO 2 efflux is produced.
Material and methods

Substrates and PVC mesocosms
The experimental design consisted in a one-year long incubation of labeled soil horizons into PVC columns, which were incubated under field conditions but subjected to rainfall exclusion. The columns were composed of a cylinder (12-cm inner diameter, 24-cm height) with a blind PVC funnel hermetically assembled at their lower end (Fig. 1) 00 E). The field had been managed as a maize cropland during the previous 13 years before the soil collection (conventional tillage with occasional irrigations during the maize growing season). Annual mean Fig. 1 . Section of the PVC mesocosms in which the labeled agricultural horizons were incubated: at 0e4 cm (left) and 10e14 cm depth (right). The mineral subsoil fulfills the rest of the soil profile.
Table 1
Main physical and chemical characteristics of the agricultural soil horizon and the mineral subsoil layers (mean of n ¼ 3; except for TOC, mean AE SE, n ¼ 6). Data from the agricultural horizon refers to the soil before the addition of the 14 C-labeled straw. ND means 'non-detected' (<0.01%).
Agricultural horizon
Mineral subsoil The soil was collected from the upper 10e15 cm at several points between growing stalks. It was thoroughly air-dried, homogenized and sieved at 2 mm; ii) 2635.0 g of sandy loam mineral subsoil, obtained from a nearby quarry, with very low organic and inorganic C contents (Table 1 ). This substrate was equally air-dried and sieved prior to the filling of the columns.
By using a piston, both types of substrate were not mixed but packaged separately, with a mesh of 7-mm pore diameter between them so hydraulic conductance was not impeded. This created a profile of about 20-cm depth (Fig. 1) , in which the calcareous agricultural soil simulated a 4-cm thick horizon (1.24 g cm À3 ). A glass microfiber filter (ALBETÔ LabScience FV-D, 2.7 mm of pore diameter) separated the entire soil profile inside the column from the lowest part of the funnel, where a nylon tube (0.8 mm inner diameter) was connected for pumping up leachates that could gravimetrically leak from the profile. In total, 52 PVC columns were established at the beginning of the experiment, with two depth treatments (one per column): one half of the columns contained the agricultural soil horizon at surface level (0e4 cm), and the other half at subsurface level (10e 14 cm).
2.2.
C-labeled straw
Prior to the filling of the columns, 0.235 g of homogeneously 14 C-labeled wheat straw (37.1% organic C; 1.0% N; 2550.9 Bq mg À1 C) was thoroughly mixed with each of the agricultural soil horizons. As the fragment size affects its further decomposition and interaction with soil mineral particles (Jensen, 1994; Rovira and Vallejo, 2002 ).
Incubation and irrigation frequencies
Once the PVC columns were filled, they were buried in a greenhouse-covered area (20 m 2 ) at the experimental field facilities of the University of Barcelona, in a way that the surface of soil profiles coincided with terrain's level. This aimed to simulate the daily and seasonal fluctuations of soil temperature at each depth. A plastic cover protected the area from rainfalls, at the same time increasing the air temperature by 2e3 C. Volumetric soil moisture and temperature were constantly monitored in additional PVC columns under the same experimental conditions but without the 14 C-labeling (not used for soil analysis). The columns were maintained plant-free by carefully pulling out any germinating seed from the surface, avoiding any external source of carbon in the system.
On 22nd November 2006, the first irrigation was applied to all columns, which were then left for desiccation for about two months in order to let the substrates settle down within columns ('installation period', Fig. 2 ). Each irrigation event consisted on pouring by means of a watering can 350 ml of 0.35 mM CaCl 2 solution on the top of the columns. This volume represented 53.4% of their entire WHC, and was applied intermittently for 20e25 min in order to let columns absorb the solution and so avoid water accumulation in their surface. By this way, we aimed to simulate a stormy rainfall of 31 l m
À2
. Both calcium and chlorine ions helped to impede clay and organic particle dispersion, thus hindering colloidal migration down the profile (Kjaergaard et al., 2004) . Calcium added into the columns represented 60% at most (IRG) of the atmospheric Ca inputs naturally occurring in this part of Europe (Pulido-Villena et al., 2006) . Fig. 2 . Scheme of the experimental design, indicating the data of the four destructive samplings (arrows). Soil water content (dots) and temperature (gray area) of the agricultural horizons are represented. Water content reflects the desiccation curves after each rewetting event. No differences in soil temperature were found between control (IRG) and drought (DRO) treatments. The dotted area (from 22-Nov to 15-Jan) corresponds to the 'installation period' after the first general rewetting. The 'irrigation period' (during which differential D-RW frequencies were performed) comprises from 15-Jan to 15-Jan (366 days).
On 15th January 2007, a second irrigation was applied to half of the columns only, so beginning the different rewetting frequencies ('irrigation period'). The soil columns received two contrasting DeRW cycles along this period ( Fig. 2): i) half of the columns (IRG) were subjected to continuous DeRW cycles, consisting of an irrigation event and a period of 30e45 days for natural desiccation, depending on weather; ii) the other half part (DRO) were subjected to longer drought periods compared with the IRG mesocosms, with only 1/3 of their irrigation events.
The 'irrigation period' (Fig. 2 ) was extended to 366 days (until 15th of January of 2008). DRO columns received 75% less irrigating solution than their IRG counterparts during this year-long period. Soil position within the column prompted different desiccation dynamics of the labeled agricultural soil horizons (Fig. 2) . 24 h after each irrigation, 2-ml suctions were applied on the nylon tubes (see Fig. 1 ) by means of a syringe, in order to recover possible leachates; however, no soil solution was ever collected. Mean annual temperatures of the soil horizons for the irrigation period were similar between experimental conditions: 20.8 and 21.3 C (IRG and DRO 0e4 cm), and 21.1 and 20.8 C (IRG and DRO 10e14 cm).
Destructive samplings
In order to analyze soil C evolution, a set of 12 columns (3 replicates per experimental condition) were periodically removed without reposition. The samplings were carried out prior to the rewetting events (red arrows at Thus, 44 of the original 52 soil columns were removed for destructive samplings (the rest, two random replicates per experimental condition, were discarded). The labeled, agricultural soil horizons were carefully separated from the rest of the mineral subsoil, avoiding possible contaminations. The external part of each horizon (that closest to the PVC wall) was removed to discard 'edge effects' from water percolation. Fresh subsamples were used for determining gravimetric soil water content (SWC) at 65 C and the extractable and microbial C fractions (unpublished data). The rest of the agricultural horizon was air-dried, thoroughly homogenized and stored for analysis.
For the study of vertical retranslocation of both total and labeled organic C from the agricultural horizons, the mineral subsoil profile of each column was split into different layers. This was performed by gradually pushing the subsoil profile out of the PVC cylinder, and cutting it into predetermined slices, according to their position in respect to the agricultural horizon. The thickness into which the mineral subsoil slices were divided decreased gradually up to 1 cm in those sections closest to agricultural horizons, in order to increase analytical resolution. The external part of the mineral subsoil profile (in contact with the PVC structures) and the surface of the subsoil layer in contact with the agricultural horizon (4e5 mm around the mesh) were similarly discarded.
Soil analysis
Agricultural soil subsamples from the destructive samplings were finely ground and analyzed for total and labeled organic and inorganic C contents. Total organic C (TOC) was quantified as the total oxidized carbon following a colorimetric procedure adapted from Soon and Abboud (1991) . 250 mg dry-weight soil were mixed with potassium dichromate (6 ml 0.09 M K 2 Cr 2 O 7 ) and digested at 155 C for 30 min after the addition of 9 ml H 2 SO 4 96%. Reduced chrome (Cr 3þ ) produced by SOC oxidation was then quantified at 600 nm using a spectrometer (CECIL AQUARIUS CE7400). Total inorganic C (CO 3 eC) was analyzed by back-titration adapting Van Reeuwijk (1992) . 2 g of sample previously heated at 550 C (5 h) were mixed with 50 ml 0.5 M HCl and left overnight for carbonate evolution. Samples were then agitated (1 h), centrifuged and a 10 ml-aliquot was back-titrated with 0.1 M NaOH and phenolphthalein.
Organic and inorganic 14 C contents of the agricultural soil horizon were analyzed following the Individual Closed Chamber (ICC) procedure (Lopez-Sangil and Rovira, 2011) . Briefly, 5.5 g of soil sample were pre-treated with H 3 PO 4 for evolution of carbonates, and then dichromate-oxidized within the ICC assembly. The resultant CO 2 was captured with an alkali trap (16 ml 2 M NaOH). An aliquot of alkali (2 ml) was then mixed with 16 ml of scintillation cocktail (Ultima GoldÔ, PerkineElmer) and counted for 10 min (Packard Tri-carb 2100 TR). The 14 C-counting efficiency of the scintillation spectrometer was about 95%, and was periodically standardized by the tSIE method (133Ba external standard). The organic 14 C content was finally calculated after correcting for the percentage of TOC mineralized, which was quantified by backtitration with 0.25 M HCl on 8 ml of the remaining alkali (Black, 1965) . For the inorganic 14 C content (CO 3 e 14 C), the procedure was similar. 3.5 g of sample were heated (550 C for 5 h) and treated within the ICC assembly with 30 ml 3 M HCl, thus evolving soil carbonates into CO 2 . The procedure for assessing the amount of inorganic 14 C follows the same rationale as above (details in LopezSangil and Rovira, 2011). Experimental duplicates and blank analysis were done for all soil analyses, in order to increase accuracy. Exchangeable calcium content in agricultural soil horizons before and after the irrigation period was also measured by atomic absorption (AAS) after 1:10 extraction (weight:volume) with 0.1 M BaCl 2 and triethanolamine (Lax et al., 1986) . A sodium hydroxide extraction was performed on each of the layers into which the mineral subsoil profile was divided, in order to measure the amount of organic C (total and labeled) that had spread from the agricultural horizon and accumulated into the rest of the profile (upward or downward reallocation). 12 g of dry mineral subsoil were mixed (1:1; w:v) with 0.25 M NaOH, agitated overnight and centrifuged. 3-ml aliquots were used to either quantify TOC (by acid-dichromate oxidation and colorimeter) or 14 C concentrations (scintillation). Additional 3-ml aliquots were acidified (pH w 3) and similarly counted for scintillation, in order to discard the presence of inorganic 14 C within the NaOH extracts.
Statistical analysis
Columns with different treatments were randomly placed in the field site in order to avoid any position effect during incubation. Values of inorganic 14 C content from the agricultural horizon, and total and labeled organic C contents at mineral subsoil layers were compared with background 14 C signature and initial organic C contents respectively ('blanks'), and considered as 'non-detected' if they did not statistically differ (P < 0.05). The statistical significance of both horizon depth and irrigation factors was assessed through general linear models (GLM), with the number of cumulative days at each destructive sampling as covariable (time). Triple interactions (irrigation*depth*time) were excluded from the GLMs when their P > 0.1. We proceeded similarly when comparing the amounts of reallocated and inorganic 14 C at each horizon depth (replacing depth factor by type of C in the GLM). Data was previously log-transformed if variances did not meet homogeneity. One-way analyses of variance (ANOVA) were additionally applied at each depth to test the influence of the irrigation factor after one year of different D-RW frequencies (letters within graphics, Duncan post hoc test). All values and figures are expressed as mean AE standard error (SE); n ¼ 3 except for Jan/07 data (n ¼ 4; gray dots). Statistical calculations were performed using SPSS for Windows, version 15.0.
Results
Organic C decay
Surface and subsurface agricultural horizons lost respectively 460 and 578 mg TOC horizon À1 during the 'installation period' (i.e.
following the first irrigation), which corresponds to 3.2 and 4.1% of their initial TOC content (Fig. 3) . The decrease in the organic 14 C content was proportionally much larger: 39 to 33% of the 14 C initially added as straw was decomposed following the first irrigation (33.8e28.9 mg 14 C horizon À1 for surface and subsurface horizons respect.), which is 8e12 times higher than the values for TOC. The reduction of the rewetting events decreased the organic 14 C decomposition during the 'irrigation period' (Fig. 3b) Similarly, the initial effect of the rewetting reduction on the organic 14 C decay was neutralized toward the second half of the incubation; in this case, this meant the differences between DeRW treatments at the end of the 'irrigation period' were not statistically significant (Fig. 3a) .
Horizon depth had no significant effect on bulk SOM decomposition throughout the experiment, but it actually affected the labeled straw decay (Fig. 3) . Subsurface horizons lost 10% more organic 14 C than their surface counterparts at the end of the incubation (P ¼ 0.055; n ¼ 3), even considering that organic 14 C decay during the initial 'installation period' was higher at surface horizons, as denoted by the strong depth*time interaction.
Vertical allocation of migrated organic C throughout the column
Following the first irrigation, the percentage of TOC reallocated from the agricultural horizon into the mineral subsoil ranged around 0.06% of the initial TOC, irrespective of the horizon depth. For the organic 14 C, these percentages were 1.1% (0e4 cm depth) and 0.3% (10e14 cm depth). The vertical distribution of the reallocated organic compounds within the mineral subsoil profile was Fig. 3 . Organic C decay in the labeled agricultural horizons (mean AE SE); n ¼ 3 except for Jan/07 (n ¼ 4); A) total organic C; B) straw-derived 14 C. Square refers to the initial content of total and straw-derived organic C respectively, prior to the beginning of the experiment. Gray circle corresponds to the value at the beginning of the 'irrigation period' (Jan/07 sampling). Black and white circles are control (IRG) and drought (DRO) treatments respectively. Boxes below the graphics correspond to the output from GLMs. Letters denote statistical difference between means of the same graph only at Jan/08 (Duncan post hoc test, P < 0.05).
negatively influenced by the distance to the agricultural horizon: total and labeled organic C contents in a given mineral layer decreased as increased its distance to the agricultural horizon, although in surface columns a peak in TOC content was observed at the lower end of the mineral profile (Table 2) . Three different patterns of organic C reallocation were observed (Fig. 4) : downward incorporation of organic compounds from surface (0e4 cm DOWN) and subsurface (10e14 cm DOWN) horizons, and upward incorporation from subsurface horizons (10e14 cm UP). The amount of organic C incorporated into the mineral subsoil was strongly dependent on the type of reallocation, which integrates two different variables: i) depth of the agricultural horizon (surface or subsurface); and ii) direction of the reallocation (up or down). We assessed the statistical relevance of these two factors separately (Table 3) .
The reduction of the rewetting events increased the reallocation of total and labeled organic compounds downwards in the profile (Fig. 4 , irrigation*time in Table 3 ). This effect was observed for both depths, although it was comparatively more pronounced for the TOC leached down from subsurface horizons (triple interaction; Table 3 ). Depth factor did strongly affect the downward reallocation of organic 14 C: columns with surface agricultural horizons showed 3e8 times higher downward reallocation of organic 14 C compared with their subsurface counterparts (Fig. 4) . The progressive decay of the OM sources from the agricultural horizons (Fig. 3 ) eventually affected the downward reallocation of both total and labeled organic compounds toward the end of the incubation, as denoted by the strong significance of time covariable (Table 3) . In subsurface horizons, the extent of the organic C reallocation varied greatly depending on whether it was a case of upward or downward migration (Fig. 4) . For instance, upward reallocation represented ca. 4% of the TOC and 15% of the organic 14 C that spread downwards into the mineral subsoil following the first rewetting. These percentages were, however, largely affected by the irrigation treatment, as supported by the strong double (irrigation*direction) or triple (irrigation*direction*time) interactions (Table 3) . This means the reduction of rewetting events prompted opposite effects depending on the direction of the reallocation: DRO treatment decreased the upward reallocation of both TOC (P < 0.001) and organic 14 C (P < 0.05), whereas it had the contrary effect on downwards (Fig. 4) . The vertical reallocation of organic 14 C outside the agricultural horizon was always proportionally higher than TOC, with the reallocated 14 C:TOC ratio (standardized by their respective initial contents) ranging from 1.5 to 69 throughout the whole experimental period (Fig. 5) . The downward reallocation of bulk and litter-derived organic C appeared to be linearly correlated (Fig. 5 ), but no relationship was found regarding the upward reallocation. The reallocated 14 C:TOC ratio was strongly affected by irrigation frequency, and also by both the horizon depth and the direction of the migration Table 2 Vertical distribution throughout the mineral subsoil profile of the reallocated organic C from the agricultural horizon. The schemes of both surface and subsurface columns are represented. Values are expressed as C content within the weight of each mineral subsoil layer. A) TOC (in mg C layer
). Superscript letters denote statistical differences within the same horizon (Duncan post hoc test, P < 0.05). "ND" means non-detected values, after comparing with the mineral subsoil prior to incubation (ANOVA test, n ¼ 3 except for Jan/07 data: n ¼ 4). Asterisk expresses that not enough sample was recovered in some columns to perform the analysis. (Table 3) . Compared with topsoil, subsurface level diminished the downward reallocation of organic 14 C, but not that of the bulk SOC (Fig. 4) ; this was also evidenced by the lower 14 C:TOC ratio at 10e14 columns (18 AE 2) compared with 0e4 columns (4 AE 1; Fig. 5 ).
Inorganic C
Total inorganic C content of the agricultural horizons was not affected by the horizon position or the reduction in rewetting events, and did not statistically differ from the initial content at the end of the 'irrigation period' (P > 0.1, data not shown). In contrast, inorganic 14 C dynamics were fast, as straw-derived 14 C entered rapidly into the agricultural soil carbonates (Fig. 6) . During the first drying period (until Jan/07 sampling), soil inorganic C fraction incorporated 1.1 mg CO 3 e 14 C horizon À1 at both surface and subsurface horizons. This value represents 43 mg CO 3 e 14 C (g CO 3 eC)
À1
, and means that 1.3% of the initial straw-derived C was incorporated into soil carbonates following the first D-RW cycle. Considering the whole 'irrigation period', the amount of straw-derived 14 C stabilized as inorganic 14 C was significantly higher than that corresponding to the organic 14 C reallocated outside the agricultural horizon, both at surface (P ¼ 0.048) and subsurface levels (P < 0.001). This is also evidenced at the end of the experiment, as summarized in Fig. 7 . The amount of straw-derived C incorporated into carbonates appeared to be slightly favored by the reduction of rewetting events, although the statistical significance was not clear (P ¼ 0.087; Fig. 6 ). Horizon depth was not a significant factor considering the whole incubation. However, whereas CO 3 e 14 C contents at subsurface horizons decreased progressively throughout the 'irrigation period' (20e27% of reduction after one year), they did not decrease at all at surface level (Fig. 6) . Owing Fig. 4 . Reallocation of organic C from the agricultural horizons into the mineral subsoil (mean AE SE); n ¼ 3 except for Jan/07 (n ¼ 4); A) TOC; B) straw-derived 14 C. "0e4 cm DOWN" refers to downward reallocation from surface horizons; "10e14 cm DOWN" similarly means downward reallocation from subsurface horizons; and "10e14 cm UP" refers to the reallocation into the upper 10-cm of mineral subsoil. Square refers to the initial content of reallocated organic C. Gray forms correspond to values prior to the 'irrigation period'. Black and white forms are control (IRG) and drought (DRO) treatments respectively. Letters denote statistical difference between means at Jan/08 of the same graph (Duncan post hoc test, P 0.05).
Table 3
Statistical significance (expressed as P-value) of the studied factors on the reallocation of total and labeled organic C into the mineral subsoil (data from Figs. 4 and 5). General Linear Models (GLMs) comparing data either from downwards reallocation (0e4 cm DOWN vs. 10e14 cm DOWN) or subsurface columns (10e14 cm DOWN vs. 10e14 cm UP) were performed separately, in order to separately assess the effect of 'depth' and 'direction of reallocation' factors respectively. Triple interactions were not included in the GLMs for organic 14 C after checking they were not significant. to this, subsurface horizons showed significantly lower CO 3 e 14 C contents after one year (P ¼ 0.009; n ¼ 3) compared with surface horizons. Exchangeable calcium contents increased as a result of inputs from irrigating water, with surface horizons evidencing a greater accumulation than subsurface.
Discussion
Organic C decay under contrasting rewetting and depth
In relative terms, the decomposition of the fresh labeled straw at the end of the experiment was 6 times that of the bulk SOM (Figs. 3b and 7) , evidencing the low degree of physico-chemical stabilization of recent plant material in soils (Oades, 1988; Flessa et al., 2000; Schmidt et al., 2011) . The percentages of remaining litter-14 C were equivalent or only slightly higher than those reported by other authors under controlled (Fliessbach et al., 2000) and natural conditions (Sanaullah et al., 2011; Kammer et al., 2012) , in spite of the severe moisture limitations to which our mesocosms where subjected: for instance, IRG columns only received 25% of the water (area standardized) as that of the humid-temperate sites of Kammer et al. (2012) . This water deficit was probably counteracted by a lower temperature limitation (annual mean soil temperature was more than 10 C higher than in Kammer et al., 2012 ; and 8 C higher than Sanaullah et al., 2011) , and by the fact that the straw material was incorporated into the agricultural soil as small size debris (200e50 mm), thus more exposed to early microbial contact and decomposition, though also to further stabilization with the mineral surfaces in the mid-term (Jensen, 1994) . The reduction of the rewetting events decreased fresh litter decomposition after one year of incubation, as well as bulk SOM during the first part of the 'irrigation period'. However, this effect disappeared thereafter and TOC and organic 14 C decay rates were, at least, equivalent between irrigation treatments during the second half of the annual period (Fig. 3 ). This could be the expression of a reduced availability of labile C compounds as decomposition of the organic substrates proceeds (Hartley and Ineson, 2008) , thus counteracting the effect of better soil moisture conditions. In a Mediterranean dehesa exposed to several DeRW cycles, Casals et al. (2009) similarly suggested a gradual depletion of the labile SOC that was made available for microbes along the rewetting events. We did not find significant differences in bulk SOM decomposition between surface and subsurface horizons. However, fresh only expressed when significant ('**' denotes P < 0.001; '*' is P ¼ 0.029). Fig. 6 . Straw-derived 14 C incorporation into the soil carbonates of the labeled agricultural horizons (mean AE SE); n ¼ 3 except for Jan/07 (n ¼ 4). Square refers to the initial value of inorganic 14 C, prior to the beginning of the experiment. Gray circle corresponds to the value at Jan/07, when the contrasting rewetting treatments commenced. Letters denote statistical differences between means of the same graph (Duncan post hoc test, P < 0.05). Inner graph refers to the content (mean AE SE) of exchangeable calcium at both depths (mg g agricultural soil
À1
), prior to and after the 'irrigation period'. wheat litter decay was enhanced at subsurface level, showing 10% lower amounts of organic 14 C compared with surface. These differences at the end of the experiment occurred even considering that the straw mineralization rates were initially higher at topsoil (Fig. 3b) . A similar lag phase in OM decay through depth was observed by Sanaullah et al. (2011) , who followed the decomposition of fresh wheat roots at different soil depths (30, 60, 90 cm) during 3 years. They reported that pedoclimatic conditions for litter decay were better in deeper horizons, compensating other characteristics such as poorer SOM content, soil structure and microbial biomass, so that the remaining C and N contents were similar for all depths after three years. Our results are in agreement with the higher mineralization rates observed for plant debris at subsurface levels in Mediterranean (Rovira and Vallejo, 1997) and subalpine soils (Garcia-Pausas et al., 2012) . The quantity, quality and microbial accessibility of the organic substrates were equivalent among horizons (as were the mean soil temperatures); hence, our findings point directly to the higher desiccation suffered at surface level (Fig. 2) as the factor responsible for the observed differences in fresh OM decomposition through depth.
Vertical reallocation of organic C throughout the profile
Water percolation e together with soil fauna bioturbation e drives the vertical migration of organic compounds through the soil profile (Michalzik et al., 2001; Kammer and Hagedorn, 2011) . In this experiment, we assume that the organic C reallocation was caused mainly e if not exclusively e by the leaching and transport of dissolved organic compounds (DOC) rather than by the colloidal movement of particles. The use of irrigating CaCl 2 solution (Kjaergaard et al., 2004) , the lack of particles of a distinctive color accumulated beyond the 7-mm mesh, and the dispersion of agricultural SOC into distant depths through the subsoil matrix (Table 2) , support this assumption.
We expected a reduction of rewetting events to end up decreasing the amount of SOM reallocated downwards into the mineral subsoil. This is suggested by the close relation between DOC fluxes and the amount of water passing through the soil profile (Neff and Asner, 2001; Michalzik et al., 2001) . Interestingly, our results showed the contrary: at both surface and subsurface levels, a decrease in the number of rewettings did promote a higher accumulation of both SOC and straw-derived 14 C reallocated from the agricultural horizons into the mineral subsoil beneath them. To a large extent, this could be explained by the larger severity of soil droughts. Longer drying periods may counteract the lower number of leaching events by exacerbating microbial C leaks into the soil media (Kieft et al., 1987; Halverson et al., 2000; Schimel et al., 2007) , either during the extended desiccation period e increasing biomass mortality e and during the subsequent rewetting e increasing cell lysis and/or osmolyte release. It may also induce more SOM-mineral desorption and soil aggregate disruption processes (Kalbitz et al., 2000; Denef et al., 2001) , further increasing the amount of soluble organic compounds into the percolating water. Supporting this, recent studies in a tropical forest floor have observed that throughfall reductions of up to 50% less percolating water were fully compensated by proportional increases in leached DOM concentrations (Cleveland et al., 2010) . Under lab conditions, Williams and Xia (2009) also reported higher amounts of watersoluble organic C released upon rewetting when increasing previous soil dryness. In addition, microbial mineralization is waterlimited for a longer period of time, so benefiting the accumulation of the leached organic compounds. Overall, these results challenge the general assumption that in semi-arid conditions, a lower number of precipitation events lead to a lower reallocation of leached organic compounds into deeper soil horizons.
In contrast, the reduction of rewetting events did hamper the upward reallocation of organic C from subsurface agricultural soil horizons. We assume this type of reallocation was primarily driven by the ascending movement of the water column continuum through the soil matrix, due to surface evaporation (Grünberger et al., 2011) . This is a rather slow movement held by capillary forces (in contrast to the flush of percolating water), and thus only possible when the soil profile is moist enough. This makes it largely affected by the reduction of rewetting events. Though hypothesized in previous DeRW studies (Lundquist et al., 1999) , to our knowledge this is the first work that quantifies the upward reallocation of soluble organic compounds throughout a profile.
Our results also suggest that, in soils subjected to periodical rewettings, the subsurface pedoclimatic conditions could selectively hinder the incorporation of litter-derived organic compounds into deeper soil horizons. Compared with surface, subsurface level decreased by 75% the reallocation of straw-derived organic 14 C downwards in the profile, whilst hardly affecting that of the more stabilized bulk SOC (Figs. 4 and 5 ). This is of particular interest since the burying of fresh organic residues into subsoil e through tillage practices e is commonly used in agriculture for enhancing SOC storage, nutrient budget and soil structure (Lal, 2006) . A lower supply of litter-derived compounds into deeper horizons could prevent the mineralization of additional deep SOM, which is thought to be largely stabilized by the absence of labile C (Fontaine et al., 2007) or nutrient sources (Garcia-Pausas et al., 2008) for microbes. Fig. 7 . Mass balance (in %) of the C evolution from both the bulk SOM (left) and the labeled wheat straw (right) of the agricultural soil horizons, at the beginning (Nov/06; 100%) and the end of the experiment (Jan/08), n ¼ 3. Schemes of both surface and subsurface horizons are represented. Percentages in boxes refer to the amount of organic C either remaining at the agricultural horizon (not-mineralized), reallocated outside (upwards or downwards), or incorporated as inorganic C (straw-derived 14 C only). The values correspond to the control (IRG) treatment. The influence of the drought (DRO) treatment over each percentage is represented in white ellipses (i.e., factor with which the percentage is multiplied or divided). NS means 'not significant' influence (P 0.05).
The spatial distribution of the reallocated organic compounds throughout the mineral subsoil showed that it was clearly influenced by the proximity to the source horizon (Table 2) , which is probably an indication of the DOC proneness to be immobilized either by the juvenile mineral surfaces or within the soil microbial biomass (Guggenberger and Kaiser, 2003; Kalbitz et al., 2005; Kammer et al., 2012) . The percentages of reallocated bulk SOM all through the whole incubation (0.02e0.08%, depending on depth and irrigation) are similar to those reported for DOC leaching from other agricultural Ap horizons: Flessa et al. (2000) obtained a 0.02% of DOC leached from old (stabilized) SOC; in Kindler et al. (2011) , these values ranged from 0.04 to 0.08% for total DOC exported from agricultural topsoils (0e40 cm) at three different European sites. Our percentages regarding the reallocation of straw 14 C (less stabilized) ranged from 0.1 to 0.7%. These values are comparatively higher than those for bulk SOM e in agreement with the findings of Flessa et al. (2000) , and concord with the annual values of litter-derived DOC leaching (0.1e0.3%) observed by Kammer et al. (2012) in two forest mineral subsoils.
Straw-derived CO 2 incorporation into inorganic C
A small (1.3%) but still significant proportion of the organic 14 C initially present as plant litter entered into the soil inorganic C pool as pedogenic carbonates following the first irrigation, via microbial respiration of the straw-derived organic compounds (Cerling, 1984; Gocke et al., 2010) . The underlying mechanism is based on the postrewetting flush of microbial respiration (Birch, 1958; Casals et al., 2011) (Gocke et al., 2010) , and is roughly an order of magnitude lower when rhizosphere is taken into account (Kuzyakov et al., 2006; Gocke et al., 2011) .
Pedogenic carbonate processes appeared to be quite dynamic. The net incorporation of 14 C into carbonates occurred only during the first drying, in contrast with subsequent DeRW cycles, in which inorganic 14 C contents roughly maintained (surface horizons) or even decreased (subsurface, Fig. 6 ). The higher presence of labeled HCO 3 À ions along the first drying, coming from the intense mineralization of more than 1/3 of the labeled plant debris, is likely to have favored this incorporation (Emmerich, 2003; Gocke et al., 2010) . In previous work, Rovira and Vallejo (2008) observed that the d 13 C of carbonates increased in a calcareous soil incubated with mixtures of different plant materials, following their decomposition rates: i.e., the d 13 C increase was particularly intense and concentrated during the first months in the case of labile plant litter (Medicago sativa), and more gradual but extended over time when plant litter showed slower decay rates (Quercus ilex, Pinus halepensis). In the present work, straw mineralization extended over time without appreciating further CO 3 e 14 C incorporation, challenging the previous findings. One mechanistic explanation for such CO 3 e 14 C dynamics is that pedogenic carbonates primarily precipitate forming fine layers over soil surfaces and microinterstices, where ultimate drying water accumulates (BeczeDéak et al., 1997; Alonso et al., 2004) . In close equilibrium with soil solution, carbonate surfaces (either pedogenic or lithogenic) are more physically exposed to changes in the conditions governing CaCO 3 dynamics, such as soil moisture or CO 2 partial pressure (Cerling, 1984; Emmerich, 2003) . This means they are the fraction of soil carbonates primarily subjected to redissolution processes during rewetting. Thus, it is reasonable to assume that not only incorporation of straw-derived 14 CO 2 but also evolution of part of the previously precipitated CO 3 e 14 C occurred along each DeRW cycle. This balance may shift toward less incorporation or even loss of previously incorporated CO 3 e 14 C if the source of 14 CO 2 eventually decreases (Fig. 3b) . This explanation is only valid for situations where Ca or HCO 3 ions are not significantly leached down during rewettings, as this would lead to a gradual decarbonation of the soil horizon (Gocke et al., in press; Rubio and Escudero, 2005) , and so the exposure of new carbonate surfaces. However, if that were the case, this phenomenon would have impacted preferentially over the surface horizons, where percolation was far more extreme (Fig. 2) , so provoking higher losses of inorganic 14 C as irrigations proceeded; but the contrary effect was even encountered.
Surface horizons, which showed higher CO 3 e 14 C contents at the end of the experiment, suffered comparatively more severe droughts during each DeRW cycle, also retaining higher amounts of Ca entering the soil through the irrigating water. Both factors may enhance HCO 3 À precipitation (Emmerich, 2003) , although in our calcareous horizons, the higher exchangeable Ca contents in IRG horizons did not translate into higher CO 3 e 14 C precipitation, thus suggesting that available Ca was not a limiting factor. Our results point at the contrasting desiccation regimes promoted by depth as a main driver of such difference, as mean soil temperature and OM characteristics were equivalent among depths. Regarding bulk carbonate, changes were not detected after 1 year of incubation. Comparatively, Gocke et al. (in press ) did not appreciate variations in the CaCO 3 content of loess sediments under rewetting either, which certainly underlines the difficulty of measuring low variations in a much larger C pool.
Conclusions
Our study provides evidence that the predicted reduction of the precipitation events in arid and semi-arid ecosystems may lead to an increased amount of dissolved organic compounds reallocated into deeper soil horizons, irrespective of their degree of stabilization. At the same time, a decrease in the upward reallocation through capillary e although of lower importance e can also be expected. In soils subjected to periodical rewettings, subsurface water regime may selectively hamper the reallocation of fresh litter C downwards in the profile, with further implications in the global C balance. Under these DeRW conditions, the incorporation of litter-derived 14 C into the soil carbonate equilibrium was more relevant than its vertical reallocation outside the agricultural horizon. The amount of inorganic 14 C declined over time with depth, pointing to the influence of the contrasting water regimes at different depths.
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